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863GHXELTXLWLQDWHVSURWHDVRPHERXQGVXEVWUDWHVWKDWDUHXELTXLWLQDWHGDW
PXOWLSOHVLWHV
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
863 LV D PDMRU UHJXODWRU RI WKH SURWHDVRPH DQG RQH RI WKUHH SURWHDVRPHDVVRFLDWHG
GHXELTXLWLQDWLQJ HQ]\PHV ,WV HIIHFWV RQ SURWHLQ WXUQRYHU DUH VXEVWUDWH VSHFLILF IRU
XQNQRZQUHDVRQV:HUHSRUWWKDW863VKRZVDGUDPDWLFSUHIHUHQFHIRUXELTXLWLQF\FOLQ
%FRQMXJDWHVWKDWFDUU\PRUHWKDQRQHXELTXLWLQPRGLILFDWLRQRUFKDLQ7KLVVSHFLILFLW\LV
FRQVHUYHGIURP\HDVWWRKXPDQVDQGLVLQGHSHQGHQWRIFKDLQOLQNDJHW\SH863KDVEHHQ
WKRXJKWWRFOHDYHVLQJOHXELTXLWLQJURXSVIURPWKHGLVWDOWLSRIDFKDLQEXWZHILQGWKDWLW
UHPRYHV FKDLQV IURP F\FOLQ % en bloc SURFHHGLQJ XQWLO D VLQJOH FKDLQ UHPDLQV 7KH
VXSSUHVVLRQ RI GHJUDGDWLRQ E\863¶V FDWDO\WLF DFWLYLW\ UHIOHFWV LWV FDSDFLW\ WR DFW RQ D
PLOOLVHFRQGWLPHVFDOHEHIRUHWKHSURWHDVRPHFDQLQLWLDWHGHJUDGDWLRQRIWKHVXEVWUDWH,Q
DGGLWLRQVLQJOHPROHFXOHVWXGLHVVKRZHGWKDWWKHGZHOOWLPHRIXELTXLWLQFRQMXJDWHVDWWKH
SURWHDVRPHZDVUHGXFHGE\863GHSHQGHQWGHXELTXLWLQDWLRQ,QVXPPDU\WKHVSHFLILFLW\
RI WKH SURWHDVRPH FDQ EH UHJXODWHG E\ UDSLG XELTXLWLQ FKDLQ UHPRYDO ZKLFK UHVROYHV
VXEVWUDWHVEDVHGRQDQRYHODVSHFWRIXELTXLWLQFKDLQDUFKLWHFWXUH

 
 
͵

7KH SURWHDVRPH D a0'D PROHFXODU PDFKLQH LV WKH IRFDO SRLQW IRU JOREDO UHJXODWLRQ RI
XELTXLWLQ SDWKZD\ RXWSXW$PRQJ LWVPDMRU UHJXODWRUV LV D GHXELTXLWLQDWLQJ HQ]\PH NQRZQ LQ
PDPPDOVDV863LQ\HDVW8ES863QHJDWLYHO\UHJXODWHVSURWHDVRPHDFWLYLW\E\XELTXLWLQ
FKDLQGLVDVVHPEO\DVZHOODVE\DQRQFDWDO\WLFPHFKDQLVP863LQKLELWRUVSURGXFHVHOHFWLYH
HIIHFWV RQ WKH WXUQRYHU RI SURWHDVRPH VXEVWUDWHV VXJJHVWLQJ WKDW WKH UDWH DW ZKLFK 863
GLVDVVHPEOHVSURWHDVRPHERXQGXELTXLWLQFKDLQVPD\GHSHQGRQWKHQDWXUHRIWKHVXEVWUDWH:H
WHVWWKLVK\SRWKHVLVLQWKHSUHVHQWZRUN

863LV WKRXJKW WRSURJUHVVLYHO\WULPPRQRXELTXLWLQJURXSVIURPWKHVXEVWUDWHGLVWDO WLSRID
FKDLQ)LJD7RDVVHVVWKLVPRGHOZHHPSOR\HGDFDQRQLFDOVXEVWUDWHRI863XELTXLWLQDWHG
F\FOLQ % :KHQ F\FOLQ % LV PRGLILHG E\ WKH XELTXLWLQ OLJDVH $QDSKDVH3URPRWLQJ
&RPSOH[&\FORVRPH$3&& LQ WKHSUHVHQFHRI(HQ]\PH8EF+ WKHUHVXOWLQJFRQMXJDWHV
W\SLFDOO\ FDUU\ PXOWLSOH VKRUW XELTXLWLQ FKDLQV RI YDULHG OHQJWK :H UHIHU WR WKHVH DV
VXSHUQXPHUDU\FKDLQVLQVRIDUDVRQO\RQHFKDLQLVLQSULQFLSOHUHTXLUHGIRUVXEVWUDWHGHJUDGDWLRQ
7KHIOH[LEOHUHVLGXH1WHUPLQDOHOHPHQWRIF\FOLQ%1&%LVHQULFKHGLQO\VLQHUHVLGXHV
QLQHRIZKLFKDUHFRPSHWHQWIRUXELTXLWLQDWLRQ7KH1WHUPLQDOHOHPHQWLVQHFHVVDU\IRUF\FOLQ
%GHJUDGDWLRQDQGFRQWDLQVDQ$3&&UHFRJQLWLRQPRWLIWKHGHVWUXFWLRQER[

8ELTXLWLQDWHG1&%ZDVUDSLGO\GHJUDGHGE\SURWHDVRPHVODFNLQJ863EXWLQWKHSUHVHQFHRI
863GHXELTXLWLQDWHGVSHFLHVZHUHREVHUYHG7KHVHZHUHQRWIXOO\GHXELTXLWLQDWHGEXWUDWKHU
FDUULHGXELTXLWLQJURXSVDQGZHUHUHVLVWDQWWRERWKGHJUDGDWLRQDQGIXUWKHUGHXELTXLWLQDWLRQ
)LJE7KLVVWURQJVWRSWR863GHSHQGHQWSURFHVVLQJPLJKWEHDVVXPHGWRUHIOHFWWKDWWKHVH
FRQMXJDWHVUHWDLQWRRIHZXELTXLWLQPRLHWLHVIRUHIILFLHQWSURWHDVRPHELQGLQJ+RZHYHUVWXGLHV
Ͷ

EHORZVKRZWKDW863DFWLYLW\GHSHQGVRQWKHDUFKLWHFWXUHRIXELTXLWLQFKDLQVRQWKHVXEVWUDWH
DQGQRWVLPSO\VXEVWUDWHELQGLQJWRWKHSURWHDVRPH7KHEHKDYLRURI1&%ZDVFRPSDUDEOHWRWKDW
RIIXOOOHQJWKF\FOLQ%GDWDQRWVKRZQ

:HXVHGWKLVH[SHULPHQWDOV\VWHPWRWHVWZKHWKHUWKHDUFKLWHFWXUHRIXELTXLWLQFKDLQVRQ1&%
ZDVUHOHYDQWWRLWVUDSLGGHXELTXLWLQDWLRQ&\FOLQ%LVPRGLILHGE\$3&&DQG8EF+WRIRUP
PL[HGOLQNDJHFKDLQVSULPDULO\YLDUHVLGXHV..DQG.7KXVDO\VLQHIUHHPXWDQWRI
XELTXLWLQ ZLOO PRGLI\ 1&% YLD PXOWLSOH PRQRXELTXLWLQDWLRQ HYHQWV )LJ F 863
GHXELTXLWLQDWHGWKLVIRUPRI1&%DWDUDWHFRPSDUDEOHWRWKDWRIZLOGW\SHFRQMXJDWHVLQGLFDWLQJ
WKDW863GRHVQRWDFWREOLJDWRULO\RQXELTXLWLQXELTXLWLQOLQNDJHV)LJF

,QDFRPSOHPHQWDU\H[SHULPHQWZHHOLPLQDWHGO\VLQHVIURP1&%UDWKHUWKDQXELTXLWLQOHDYLQJ
EHKLQGRQO\.RI1&%WRDOORZIRUWKHV\QWKHVLVRIDVLQJOHXELTXLWLQFKDLQRQ1&%7KLV
PXWDQWLVFRPSHWHQWIRUGHJUDGDWLRQ)LJG$OWKRXJKVLQJOHFKDLQFRQMXJDWHVDUHFDQRQLFDO
SURWHDVRPHVXEVWUDWHV863VKRZHGQRGHWHFWDEOHDFWLYLW\RQWKLVVXEVWUDWH)LJG7KHODFN
RIGHXELTXLWLQDWLQJDFWLYLW\RQWKHVLQJOHFKDLQVXEVWUDWHZDVDFFRPSDQLHGE\DIDLOXUHWRLQKLELW
LWV GHJUDGDWLRQ6LPLODU UHVXOWVZHUHREWDLQHGZLWK1&%XELTXLWLQDWHGZLWK8EF LQ SODFHRI
8EF+([WHQGHG'DWD)LJDE

$FDYHDWWRWKHH[SHULPHQWDERYHLVWKDWEHFDXVH1&%LVGHJUDGHGTXLFNO\E\WKHSURWHDVRPH
863KDVOLWWOHWLPHWRDFW+RZHYHUWKHSURWHDVRPHPXVWEHSUHVHQWLQWKHDVVD\EHFDXVHLWLV
UHTXLUHGWRDFWLYDWH863:KHQZHTXHQFKHGVXEVWUDWHGHJUDGDWLRQE\UHSODFLQJ$73ZLWK$'3
([WHQGHG 'DWD )LJ  863GHSHQGHQW GHXELTXLWLQDWLRQ RI :7 1&% FRQMXJDWHV ZDV
ͷ

SUHVHUYHG )LJH ,QFRQWUDVWQRGHXELTXLWLQDWLRQZDVGHWHFWHGZLWK VLQJOHFKDLQFRQMXJDWHV
)LJI7KXV863VKRZVGUDPDWLFVSHFLILFLW\IRU1&%FRQMXJDWHVEHDULQJPXOWLSOHXELTXLWLQ
FKDLQVZKHUHDV WKH SURWHDVRPH GRHV QRW HIIHFWLYHO\ GLVWLQJXLVK EHWZHHQ WKHVH WZR FODVVHV RI
VXEVWUDWHLQWKHDEVHQFHRI863

:HQH[WFRQVLGHUHGZKHWKHUWKHUHVLVWDQFHRIVLQJOHFKDLQFRQMXJDWHVWR863ZDVLGLRV\QFUDWLF
WRWKHSDUWLFXODUPRGLILHGO\VLQHLQ1&%2QWKHFRQWUDU\FRQMXJDWHVJHQHUDWHGXVLQJD.RQO\
IRUPRI1&%EHKDYHGHTXLYDOHQWO\WRWKH.DQFKRUHGFRQMXJDWHV([WHQGHG'DWD)LJF7KH
VXSHUQXPHUDU\FKDLQHIIHFWZDVVHHQWKHVXEVWUDWH3<6LFDVZHOODV1&%([WHQGHG'DWD)LJ
GH:HLGHQWLILHGDWKLUGSUHIHUUHGVXEVWUDWHRI863DQGLWLVOLNHZLVHPRGLILHGDWPXOWLSOH
O\VLQHV([WHQGHG'DWD)LJI8ESWKHS. cerevisiaeRUWKRORJRI863VKRZHGWKHVDPH
SUHIHUHQFH IRU VXSHUQXPHUDU\ FKDLQV DUJXLQJ IRU WKH ELRORJLFDO VLJQLILFDQFH RI WKLV SURSHUW\
([WHQGHG'DWD)LJ

,WKDVEHHQK\SRWKHVL]HGWKDW863RU8ESPD\SUHIHUHQWLDOO\FOHDYH.OLQNHGFKDLQV
7KLVPRGHO FRXOG DFFRXQW IRU RXU GDWD LI VLQJOHFKDLQ1&% FRQMXJDWHVZHUH GHYRLG RI.
OLQNDJHV7RWHVWWKLVPRGHOZHSUHSDUHGVLQJOHFKDLQ1&%ZLWKKRPRJHQHRXV.OLQNDJHV
7KHVHFRQMXJDWHVZHUHDOVRFOHDYHGVORZO\LIDWDOOE\863([WHQGHG'DWD)LJUHJDUGOHVV
RIOHQJWK

2QH H[SODQDWLRQ IRU WKH VSHFLILFLW\ RI 863 IRU VXEVWUDWHVPRGLILHG DWPXOWLSOH VLWHV LV WKDW
FOHDYDJHRIRQHFKDLQLVSURPRWHGDOORVWHULFDOO\E\ELQGLQJRIDVHFRQGFKDLQWR863RUDQRWKHU
VLWHRQ WKHSURWHDVRPH+RZHYHUDGGLQJIUHHFKDLQVRYHUDZLGHFRQFHQWUDWLRQUDQJHIDLOHG WR
͸

VWLPXODWHGHXELTXLWLQDWLRQRIVLQJOHFKDLQ1&%([WHQGHG'DWD)LJ$QRWKHUPHDVXUHWKDW
IDLOHGWRVWLPXODWHUHPRYDORIVLQJOHWRQFKDLQVZDVSKRVSKRPLPHWLFVXEVWLWXWLRQRI6HUDVLWH
VXEMHFW WRPRGLILFDWLRQE\$NW ([WHQGHG'DWD)LJ ,I VLQJOHWRQFKDLQVDUHDVD UXOHSRRU
VXEVWUDWHVIRU863WKHQDOOIUHHXELTXLWLQFKDLQV±WKRVHQRWDWWDFKHGWRDQDFFHSWRUSURWHLQ±PXVW
EHSRRU863VXEVWUDWHVUHJDUGOHVVRIOHQJWKRUOLQNDJHW\SH([WHQGHG'DWD)LJVKRZVWKDW
IUHHFKDLQVRIGLYHUVHOHQJWKDQGOLQNDJHW\SHDUHDOOFOHDYHGPLQLPDOO\E\SURWHDVRPHDFWLYDWHG
863HYHQXSRQORQJLQFXEDWLRQ

%\XELTXLWLQDWLQJ1&%ZLWKSUHIRUPHGWHWUDXELTXLWLQFKDLQVZHSUHSDUHGFRQMXJDWHVFDUU\LQJ
PXOWLSOHFKDLQVRIKRPRJHQHRXVOLQNDJHW\SHDQGOHQJWK:KHQWKHVHFRQMXJDWHVZHUHLQFXEDWHG
ZLWK863SURWHDVRPHVDQGHLWKHU$73RU$'3DOLPLWGLJHVWSURGXFWZDVIRUPHGFRQVLVWLQJ
RI1&%FDUU\LQJIRXUXELTXLWLQJURXSV)LJDE7KXV863DSSHDUHGWRFRPSOHWHO\UHPRYH
HDFKVXSHUQXPHUDU\FKDLQDQGVWRSZKHQDVLQJOHFKDLQUHPDLQHG$FFRUGLQJO\XELTXLWLQZDV
UHOHDVHGIURPWKLVVXEVWUDWHLQWKHIRUPRIWHWUDXELTXLWLQFKDLQV)LJF8VLQJPDVVVSHFWURPHWU\
ZHFRQILUPHGWKDW.OLQNDJHVZHUHQRWFRQVXPHGLQWKLVUHDFWLRQ)LJG6WXGLHVZLWKRWKHU
OLQNDJHW\SHV([WHQGHG'DWD)LJIXUWKHULQGLFDWHGWKDW863UHPRYHVFKDLQVSUHIHUHQWLDOO\
en bloc)LJHUDWKHUWKDQWULPPLQJWKHPIURPWKHGLVWDOWLSDVWKRXJKW

:K\GRHV863GLVFULPLQDWHDJDLQVWFOHDYDJHZLWKLQFKDLQV"7KHSUHVXPSWLYHDFWLYHIRUPRI
8ESVLWVZLWKLWVFDWDO\WLFGRPDLQGLUHFWO\FRQWDFWLQJWKH2%GRPDLQRIVXEXQLW5SW0RGHOLQJ
VWXGLHVZLWKGLXELTXLWLQDVVXEVWUDWHLQGLFDWHGWKDWUHJDUGOHVVRIFKDLQOLQNDJHW\SHWKHSUR[LPDO
XELTXLWLQPD\KDYHUHVWULFWHGDFFHVVWRWKHDFWLYHVLWHRIWKHHQ]\PH)LJI([WHQGHG'DWD)LJ
7KHFRLOHGFRLOVRI5SWDQG5SWDUHUHVSRQVLEOHIRUWKLVRFFOXVLRQ)LJI7KLVHIIHFWPD\
͹

DFFRXQWIRUWKHGRPLQDQWen blocFOHDYDJHPRGHRI8ESDQG863&OHDYDJHZLWKLQXELTXLWLQ
FKDLQVE\IUHHIRUPVRI863DQG8ESDVREVHUYHGE\PDQ\UHVHDUFKHUVPD\UHIOHFWWKDWIUHH
863LVQRWVXEMHFWWRRFFOXVLRQIURPSURWHDVRPHVXEXQLWV

,QD UHFHQW VWXG\ZHHVWDEOLVKHGD VLQJOHPROHFXOH 607,5)PLFURVFRS\PHWKRG WRFDSWXUH
GHXELTXLWLQDWLRQ HYHQWVPHGLDWHG E\ WKH en bloc ]LQFGHSHQGHQW DFWLYLW\ RI 531 XVLQJ
863IUHHSURWHDVRPHV'HXELTXLWLQDWLRQZDVLGHQWLILHGDVDVWHSZLVHUHGXFWLRQRIVLJQDOVIURP
IOXRUHVFHQWO\ODEHOHGXELTXLWLQRQVXEVWUDWHV)LJD([WHQGHG'DWD)LJ7RVWXG\863
PHGLDWHGGHXELTXLWLQDWLRQZHLQKLELWHG531DFWLYLW\DVZHOODVVXEVWUDWHGHJUDGDWLRQXVLQJ
$'3DQGD]LQFFKHODWRUµ6WHSSHG¶HYHQWVUHSUHVHQWLQJGHXELTXLWLQDWLRQLQFUHDVHGVHYHQIROG
XSRQ863DGGLWLRQ)LJD60WUDFHVZLWK863UHFRQVWLWXWHGSURWHDVRPHLQWKHSUHVHQFH
RI$'3VKRZHGUHPDUNDEOHVLPLODULW\WRWKRVHSURGXFHGE\531)LJE([WHQGHG'DWD)LJ
7KH VWHS VL]HRIXELTXLWLQ UHPRYDOE\531DQG863 IROORZHGD VLPLODUGLVWULEXWLRQ
VXSSRUWLQJen blocFOHDYDJHE\863)LJF

863PHGLDWHG GHXELTXLWLQDWLRQ UHGXFHG WKH GZHOO WLPH RI XELTXLWLQ FRQMXJDWHV RQ WKH
SURWHDVRPHVXJJHVWLQJWKDWUDSLGGHXELTXLWLQDWLRQFDQVXSSUHVVGHJUDGDWLRQRIWKHVXEVWUDWHE\
FRQWUDFWLQJ WKHGXUDWLRQRI LWVHQFRXQWHUZLWK WKHSURWHDVRPH )LJG7KLVGZHOO WLPHHIIHFW
VXJJHVWV WKDW WR VXSSUHVV GHJUDGDWLRQ 863 PXVW UHPRYH FKDLQV DW OHDVW DV UDSLGO\ DV WKH
VXEVWUDWHLVGHJUDGHGLQWKHDEVHQFHRI8637RWHVWWKLVVFHQDULRZHXVHGTXHQFKIORZPHWKRGV
ZKLFKDOORZUHDFWLRQVWREHIROORZHGRQDPLOOLVHFRQGWLPHVFDOH$QH[FHVVRISURWHDVRPHRYHU
VXEVWUDWHZDVHPSOR\HGWRDSSUR[LPDWHVLQJOHWXUQRYHUFRQGLWLRQV

ͺ

863IUHHSURWHDVRPHVGHJUDGHG1&%FRQMXJDWHVHIILFLHQWO\ZLWKPRVWGHJUDGDWLRQRFFXUULQJ
EHWZHHQDQGVHFRQGV)LJDE863GHOD\HGGHJUDGDWLRQ)LJEDVKLJKPROHFXODU
ZHLJKW FRQMXJDWH EDQGV ZHUH LQVWHDG FRQYHUWHG LQWR SDUWLDOO\ GHXELTXLWLQDWHG VSHFLHV 7KH
SURGXFWLRQ RI ORZHU PROHFXODU ZHLJKW VSHFLHV WKURXJK GHXELTXLWLQDWLRQ ZDV LQLWLDWHG EHIRUH
GHJUDGDWLRQZDVHYLGHQWZLWK863IUHHSURWHDVRPHV)LJDF7KXV863LVVXIILFLHQWO\
IDVW WKDWGHXELTXLWLQDWLRQFDQEHDFFRPSOLVKHGEHIRUHWKHSURWHDVRPHZRXOGRWKHUZLVHGHJUDGH
1&% 6LPLODU UHVXOWV ZHUH REWDLQHG XVLQJ IXOO OHQJWK F\FOLQ% GDWD QRW VKRZQ DQG ZH
FRQILUPHG WKDW GHXELTXLWLQDWLRQ ZDV PHGLDWHG E\ SURWHDVRPHERXQG UDWKHU WKDQ IUHH 863
([WHQGHG'DWD)LJE

7KHDELOLW\RI863 WRSUHYDLORYHU WKHSURWHDVRPH LQDNLQHWLF FRPSHWLWLRQPD\H[SODLQ WKH
VXSSUHVVLRQRISURWHLQGHJUDGDWLRQE\863¶VGHXELTXLWLQDWLQJDFWLYLW\7KXV863ORDGHG
SURWHDVRPHVPD\GLVFULPLQDWHDJDLQVWPXOWLFKDLQVXEVWUDWHVZKHUHDV863IUHHSURWHDVRPHVGR
QRW %HFDXVH863 DQG8ES DUHPRGXODWHG E\ JURZWK IDFWRUV DQG VWUHVV FRQGLWLRQV WKH
DELOLW\RIWKHSURWHDVRPHWRGLVFULPLQDWHEHWZHHQVLQJOHFKDLQDQGPXOWLFKDLQVXEVWUDWHVLVOLNHO\
XQGHUELRORJLFDOFRQWURO

:HH[SHFWWKDWWKHVXSHUQXPHUDU\FKDLQUXOHVKRXOGELDV863DFWLRQWRZDUGVWKHSURGXFWVRI
XELTXLWLQOLJDVHVWKDWDUHZHDNLQFKDLQH[WHQGLQJDFWLYLW\WKXVDGGLQJXELTXLWLQWRPXOWLSOHVLWHV
RQDWDUJHWSURWHLQ0DQ\XELTXLWLQDWHGSURWHLQVFDQEHPRGLILHGDWPXOWLSOHO\VLQHVDV
RULJLQDOO\ GHVFULEHG IRU FHOO VXUIDFH UHFHSWRUV ,QPRVW FDVHV KRZHYHU LW LV XQFOHDUZKHWKHU
VLPXOWDQHRXV PRGLILFDWLRQ RI O\VLQHV RFFXUV RQ HQGRJHQRXV VXEVWUDWHV EHFDXVH SURWHRPLFV
PHWKRGV JHQHUDOO\ UHO\ RQ SURWHLQ IUDJPHQWDWLRQ 7KHUHIRUH WKH GHYHORSPHQW RI QHZ
ͻ

PHWKRGRORJLHVPD\EH FULWLFDO IRU D EHWWHU XQGHUVWDQGLQJRI KRZ863 UHJXODWHV SURWHDVRPH
IXQFWLRQ

:HVXJJHVWWKDWWKHODVWXELTXLWLQFKDLQUHVLVWVFOHDYDJHE\863EHFDXVHLWVVLWHRIDWWDFKPHQW
WRVXEVWUDWHLVQRWGRFNHGLQSUR[LPLW\WR863UHJDUGOHVVRIWKHXELTXLWLQUHFHSWRUWRZKLFKWKH
FKDLQLVERXQG,IWKHFKDLQWKDWLVVSDUHGE\863LVORQJWKHQSURWHDVRPHVXEVWUDWHLQWHUDFWLRQ
ZLOOEHSUHVHUYHGDQGVXEVWUDWHGHJUDGDWLRQZLOOSURFHHG7KLVFKDLQZLOOEHUHPRYHGE\531
RQFHVXEVWUDWHWUDQVORFDWLRQLVLQLWLDWHG%HFDXVH531DOVRFOHDYHVFKDLQVSUR[LPDOO\RXU
GDWDUHYHDODQXQH[SHFWHGSRLQWRIVLPLODULW\EHWZHHQWKHVHHQ]\PHVZKLFKPD\DFWVHTXHQWLDOO\
531DFWLYLW\GLIIHUVIURPWKDWRI863KRZHYHULQUHTXLULQJ$73K\GURO\VLVSUHVXPDEO\
WR GULYH WUDQVORFDWLRQ RI WKH FRQMXJDWH WR LWV DFWLYH VLWH 7KDW 531 SURPRWHV VXEVWUDWH
GHJUDGDWLRQZKHUHDV863VXSSUHVVHVGHJUDGDWLRQPD\UHIOHFWWKDW531IDLOVWRUHPRYHFKDLQV
SULRU WR WKH FRPPLWPHQW VWHS RI WKH SURWHDVRPH ZKLFK E\ K\SRWKHVLV QHJDWHV WKH XELTXLWLQ
UHTXLUHPHQWIRUGHJUDGDWLRQ

,WZLOOEHLQWHUHVWLQJWRGHWHUPLQHZKHWKHUVXSHUQXPHUDU\FKDLQUHPRYDOLVWKHSULQFLSDOUROHRI
863 LQFHOOVRUZKHWKHURWKHUVSHFLILFLW\UXOHVH[LVW IRU WKLVHQ]\PH6XEVWUDWH IOH[LELOLW\D
IHDWXUHRI WKHF\FOLQ%DQGVHFXULQGHJURQVEXWQRWRIXELTXLWLQ LWVHOIPD\EH LPSRUWDQW IRU
863WRDFWRQWKHVHVXEVWUDWHV,QGHHGWKHRFFOXVLRQWKDWZHK\SRWKHVL]HWRLPSDLUGRFNLQJRI
SUR[LPDOXELTXLWLQLQDIUHHFKDLQQHDUWKH863DFWLYHVLWHPD\DSSO\DVZHOOWRPDQ\IROGHG
JOREXODUGRPDLQVWKDWDUHXELTXLWLQDWHGZKLFKZRXOGEHUHTXLUHGWRDFFHVVWKHVDPHVLWH7KLV
VXEVWUDWHGRFNLQJFRQVWUDLQWPD\IXUWKHUOLPLWWKHVXEVWUDWHVSHFLILFLW\RI863,QFRQWUDVWWR
863531LVH[SHFWHGWRKDYHDUREXVWDFWLYLW\DJDLQVWFKDLQVRQGRPDLQVWKDWDUHQRUPDOO\
ͳͲ

IROGHGEHFDXVHVXFKFKDLQVZLOOW\SLFDOO\EHSUHVHQWHGWR531RQO\DIWHUWKHGRPDLQKDVEHHQ
XQIROGHGE\PHFKDQLFDOIRUFHDSSOLHGE\WKHSURWHDVRPDO$73DVHV

2QOLQH&RQWHQW

0HWKRGV DORQJ ZLWK DQ\ DGGLWLRQDO ([WHQGHG 'DWD GLVSOD\ LWHPV DUH DYDLODEOH LQ WKH RQOLQH
YHUVLRQRIWKHSDSHUUHIHUHQFHVXQLTXHWRWKHVHVHFWLRQVDSSHDURQO\LQWKHRQOLQHSDSHU

$FNQRZOHGJHPHQWV

:HWKDQN-+DQQDDQG<<HIRUFRPPHQWVRQWKHPDQXVFULSW:HWKDQN1'LPRYDIRU1&%
FRQVWUXFWV<<HIRU863SURWHLQ<6DHNLIRU3<6LFFORQHV-<XDQIRU863SODVPLGV
DQG53)LVKHUDQG(:LQWHUIRUIXOOOHQJWKF\FOLQ%EDFXORYLUXVHV7KLVVWXG\ZDVVXSSRUWHG
E\ 1,+ JUDQW 5*0 WR ') 1,+ JUDQW 5*0 WR ') 1,+ JUDQW
5*0WR5:.1,+JUDQW5*0WR0:.LUVFKQHUDQGDJUDQW
IURPWKH5DLQZDWHU)RXQGDWLRQWR')

$XWKRU&RQWULEXWLRQV

%+/ SHUIRUPHG DQG DQDO\]HG PRVW RI ELRFKHPLFDO H[SHULPHQWV </ SHUIRUPHG VLQJOH
PROHFXOH DQDO\VLV 0$3 SHUIRUPHG PDVV VSHFWURPHWULF DQDO\VLV <6 66 *7 DQG 6(
JHQHUDWHGELRFKHPLFDOUHDJHQWV*7DOVRSHUIRUPHGVWUXFWXUDOPRGHOLQJ63*JXLGHGWKHPDVV
VSHFWURPHWU\H[SHULPHQWV%+/5:.DQG')VXSHUYLVHGWKHVWXG\

ͳͳ

$XWKRU,QIRUPDWLRQ

5HSULQWV DQG SHUPLVVLRQV LQIRUPDWLRQ LV DYDLODEOH DW ZZZQDWXUHFRPUHSULQWV 7KH DXWKRUV
GHFODUHFRPSHWLQJILQDQFLDOLQWHUHVWV5HDGHUVDUHZHOFRPHWRFRPPHQWRQWKHRQOLQHYHUVLRQRI
WKH SDSHU &RUUHVSRQGHQFH DQG UHTXHVWV IRU PDWHULDOV VKRXOG EH DGGUHVVHG WR ')
GDQLHOBILQOH\#KPVKDUYDUGHGX 5:. UDQG\BNLQJ#KPVKDUYDUGHGX RU %+/ E\XQJ
KRRQBOHH#KPVKDUYDUGHGX 
ͳʹ

)LJXUH/HJHQGV

)LJXUH863FOHDYHVVXSHUQXPHUDU\XELTXLWLQFKDLQVIURPVXEVWUDWHV
D&DQRQLFDOPRGHORI863DFWLYLW\863LVWKRXJKWWRVKRUWHQXELTXLWLQFKDLQVSURJUHVVLYHO\
IURPWKHLUGLVWDOWLSEI In vitroGHJUDGDWLRQDQGGHFRQMXJDWLRQDVVD\VZLWKSRO\XELTXLWLQDWHG1
WHUPLQDOIUDJPHQWRIF\FOLQ%8EQ1&%+$WDJJHG&DUWRRQVVKRZLGHDOL]HGUHSUHVHQWDWLRQV
RIWKHH[SHFWHGGLVWULEXWLRQRIXELTXLWLQPRLHWLHVWKURXJKRXWE+XPDQSURWHDVRPH3WVPQ0
ZDVLQFXEDWHGZLWK8EQ1&%aQ0ILQDOJHQHUDWHGE\8EF+:KHUHLQGLFDWHG863
Q0ZDVDGGHGF$VLQEH[FHSWXVLQJSRO\XELTXLWLQDWHG1&%JHQHUDWHGZLWKO\VLQHOHVV
8EG$VLQEH[FHSWXVLQJSRO\XELTXLWLQDWHGFRQMXJDWHVRQ.RQO\1&%.1&%XQOHVV
RWKHUZLVHQRWHGJHQHUDWHGE\8EF+DQG8EH6H8EQ1&%aQ0ZDVLQFXEDWHGZLWK
KH[RNLQDVHWUHDWHG$'3SURWHDVRPH$'33WVPLQWKHSUHVHQFHRUDEVHQFHRI863Q0
I $V LQ H H[FHSW XVLQJ SRO\XELTXLWLQDWHG.RQO\1&% 6DPSOHVZHUH DQDO\VHG E\ 6'6±
3$*(LPPXQREORWWLQJIRU+$

)LJXUH863FOHDYHVDUUD\HGWHWUDXELTXLWLQFKDLQVSUR[LPDOO\VWRSSLQJDWWKHODVWFKDLQ
D.OLQNHG8E FRQMXJDWHVRI1&%ZHUHSUHSDUHG UHVXOWLQJ LQRQHRUPRUH WHWUDXELTXLWLQ
PRGLILFDWLRQV $'33WVP  Q0 ZDV LQFXEDWHG ZLWK PXOWL.8E1&% a Q0 LQ WKH
SUHVHQFHRUDEVHQFHRI863Q0$UURZKHDGLQGLFDWHV.8E1&%VSHFLHVPRGLILHG
ZLWKDVLQJOHFKDLQDQGGHULYHGE\863FOHDYDJHE$VVD\VDVLQDH[FHSWLQWKHSUHVHQFHRI
$73F.8EPXOWLFKDLQFRQMXJDWHRI1&%ZDVSXULILHGDQGDVVD\VZHUHSHUIRUPHGDVLQD
H[FHSWWKDWDFRQWUROZDVDGGHGLQZKLFKWKHSDQVSHFLILFGHXELTXLWLQDWLQJHQ]\PH863
0ZDV XVHG PLQ LQFXEDWLRQ $UURZKHDGV LQGLFDWH IUHH8E FKDLQV UHOHDVHG E\863
ͳ͵

.8E DQG SURGXFWV RI 863 DFWLYLW\ VXFK DV IUHH8E 6DPSOHVZHUH DQDO\VHG E\ 6'6±
3$*(LPPXQREORWWLQJIRU+$DDQGERU8E FG7DQGHP0DVV7DJ707 ODEHOLQJDQG
TXDQWLWDWLYHPDVVVSHFWURPHWU\3XULILHG.8EPXOWLFKDLQ1&%FRQMXJDWHVZHUHDVVD\HGLQ
GXSOLFDWHIRUHDFKFRQGLWLRQDV LQD7KHUHDFWLRQZDVWKHQTXHQFKHGDVGHVFULEHGLQ0HWKRGV
(DFKTXHQFKHGUHDFWLRQZDVVXEMHFWHGWRWU\SVLQGLJHVWLRQ707ODEHOLQJDQGW06DQDO\VLVLQD
4([DFWLYHIRUTXDQWLILFDWLRQRI.OLQNHG8ESHSWLGHV(UURUEDUVLQGLFDWHVWDQGDUGGHYLDWLRQV
H 3URSRVHG en blocPRGH RI GHXELTXLWLQDWLRQ E\863 I0RGHOLQJ RI IUHH XELTXLWLQ FKDLQ
FOHDYDJHE\SURWHDVRPHDFWLYDWHG8ES$FFHVVRID.OLQNHGGLXELTXLWLQFKDLQWRWKHDFWLYH
VLWH RI 8ES DSSHDUV RFFOXGHG 6WUXFWXUHV ZHUH REWDLQHG IURP WKH 3'% GDWDEDVH 8ES DQG
SURWHDVRPH$%DQG8E8%4&FRQWDLQVWKHDFWLYHVLWHQXFOHRSKLOH

)LJXUH6LQJOHPROHFXOHDQDO\VLVRIGHXELTXLWLQDWLRQE\863
6LQJOHPROHFXOH 60 DVVD\VZHUH SHUIRUPHG RQ LPPRELOL]HG KXPDQ SURWHDVRPH IURPZKLFK
863 KDG EHHQ UHPRYHG 6HFXULQ FRQMXJDWHV ZHUH JHQHUDWHG XVLQJ IOXRUHVFHQWO\ ODEHOHG
XELTXLWLQDQGDGGHGWRWKHSURWHDVRPHXQGHUFRQGLWLRQVDVLQGLFDWHGD3HUFHQWRIVWHSSHGWUDFHV
XQGHUFRQGLWLRQVPHDVXULQJ531$73QR863RU863$'3863:7DFWLYLWLHV
1$73QR863 1$'3QR863 1$'3863:7 E([DPSOHVRI
VWHSWUDFHVHJPHQWDWLRQJUDSKVIURPDQ60DQDO\VLVRQSRO\XELTXLWLQDWHGVHFXULQFRQMXJDWHVZLWK
863UHFRQVWLWXWHGKXPDQSURWHDVRPHLQWKHSUHVHQFHRI$'36HH([WHQGHG'DWD)LJIRU
531VWHS WUDFHVF6WHSVL]HGLVWULEXWLRQRI531PHGLDWHG$73QR8631 RU
863PHGLDWHG$'3863:71 GHXELTXLWLQDWLRQHYHQWVDVDIXQFWLRQRIWKHQXPEHU
RIXELTXLWLQVG$YHUDJHGZHOOWLPHRIVHFXULQFRQMXJDWHVRQWKHSURWHDVRPHLQWKHSUHVHQFHRU
DEVHQFH RI863$73ZDV DGGHG IRU WKH QR863 FRQGLWLRQ'ZHOO WLPHZDV SORWWHG DV D
ͳͶ

IXQFWLRQRIWKHPXOWLSOLFLW\RIXELTXLWLQJURXSVRQVHFXULQ(UURUEDUVLQGLFDWH6'RIWKHPHDQ
$'3GHQRWHVWKHFRQGLWLRQRI$'3SOXVR3$WRVXSSUHVV531DFWLYLW\

)LJXUH.LQHWLFFRPSHWLWLRQEHWZHHQ863DQGWKHSURWHDVRPH
D3URWHDVRPH0LQWKHSUHVHQFHRUDEVHQFHRI8630ZDVPL[HGZLWK8EQ1&%
a0 LQ D TXHQFK IORZGHYLFH Left'HJUDGDWLRQRI1&%FRQMXJDWHV LV GHWHFWDEOH E\
DSSUR[LPDWHO\VRight'HXELTXLWLQDWLRQRI8Ea1&%FDQEHREVHUYHGE\PVRUHDUOLHU
DV8Ea1&% VSHFLHV DUH JHQHUDWHGE 4XDQWLILFDWLRQ RI8EQ1&% GHJUDGDWLRQ IURPa F
4XDQWLILFDWLRQ RI 8E RU 8E1&% VSHFLHV JHQHUDWHG E\ 863PHGLDWHG GHXELTXLWLQDWLRQ
863GHULYHGUHDFWLRQSURGXFWVFDQDSSHDUDVHDUO\DVKXQGUHGVRIPV&ROOHFWHGVDPSOHVZHUH
DQDO\VHG E\ 6'6±3$*(LPPXQREORWWLQJ XVLQJ DQWLERG\ WR +$ 1RWH WKDW IRU E D[HV DUH
ORJDULWKPLFLQVFDOH

5HIHUHQFHV
 +DQQD - et al. 'HXELTXLWLQDWLQJ HQ]\PH 8ES IXQFWLRQV QRQFDWDO\WLFDOO\ WR GHOD\
SURWHDVRPDOGHJUDGDWLRQCell
 +DQQD-0HLGHV$=KDQJ'	)LQOH\'$XELTXLWLQVWUHVVUHVSRQVHLQGXFHVDOWHUHG
SURWHDVRPHFRPSRVLWLRQCell
 /HH% et al.(QKDQFHPHQWRISURWHDVRPHDFWLYLW\E\DVPDOOPROHFXOHLQKLELWRURI863
Nature
 3HWK$%HVFKH+&	*ROGEHUJ$/8ELTXLWLQDWHGSURWHLQVDFWLYDWHWKHSURWHDVRPH
E\ELQGLQJWR8VS8ESZKLFKFDXVHV6JDWHRSHQLQJMol Cell
ͳͷ

 $XIGHUKHLGH$ et al.6WUXFWXUDOFKDUDFWHUL]DWLRQRIWKHLQWHUDFWLRQRI8ESZLWKWKH6
SURWHDVRPHProceedings of the National Academy of Sciences of the United States of 
America
 %DVKRUH& et al.8ESGHXELTXLWLQDVHFRQWUROVFRQIRUPDWLRQDOG\QDPLFVDQGVXEVWUDWH
GHJUDGDWLRQRIWKH6SURWHDVRPHNature structural & molecular biology

 /HJJHWW' et al.0XOWLSOHDVVRFLDWHGSURWHLQVUHJXODWHSURWHDVRPHVWUXFWXUHDQGIXQFWLRQ
Mol Cell
 +RPPD7 et al.8ELTXLWLQVSHFLILFSURWHDVHPRGXODWHVGHJUDGDWLRQRIFHOOXODUSULRQ
SURWHLQScientific reports
 +X0 et al. 6WUXFWXUH DQGPHFKDQLVPV RI WKH SURWHDVRPHDVVRFLDWHG GHXELTXLWLQDWLQJ
HQ]\PH863EMBO J
 .LUNSDWULFN'6 et al.4XDQWLWDWLYHDQDO\VLVRILQYLWURXELTXLWLQDWHGF\FOLQ%UHYHDOV
FRPSOH[FKDLQWRSRORJ\Nature cell biology
 'LPRYD19 et al.$3&&PHGLDWHGPXOWLSOHPRQRXELTXLW\ODWLRQSURYLGHVDQDOWHUQDWLYH
GHJUDGDWLRQVLJQDOIRUF\FOLQ%Nature cell biology
 -LQ/:LOOLDPVRQ$%DQHUMHH63KLOLSS,	5DSH00HFKDQLVPRIXELTXLWLQFKDLQ
IRUPDWLRQE\WKHKXPDQDQDSKDVHSURPRWLQJFRPSOH[Cell
 7KURZHU - 6 +RIIPDQ / 5HFKVWHLQHU 0 	 3LFNDUW & 0 5HFRJQLWLRQ RI WKH
SRO\XELTXLWLQSURWHRO\WLFVLJQDOThe EMBO journal
 /X</HH%+.LQJ5:)LQOH\'	.LUVFKQHU0:6XEVWUDWHGHJUDGDWLRQE\
WKHSURWHDVRPHDVLQJOHPROHFXOHNLQHWLFDQDO\VLVScience
ͳ͸

 0DQVRXU: et al.'LVDVVHPEO\ RI/\V DQGPL[HG OLQNDJH SRO\XELTXLWLQ FRQMXJDWHV
SURYLGHV LQVLJKWV LQWR IXQFWLRQRISURWHDVRPDOGHXELTXLWLQDVHV5SQDQG8ESJ Biol 
Chem
 9DGHQ - + et al. 8ELTXLWLQVSHFLILF SURWHDVH  UHJXODWHV F-XQ 1WHUPLQDO NLQDVH
VLJQDOLQJDWWKHQHXURPXVFXODUMXQFWLRQMolecular neurodegeneration
 ;X ' et al. 3KRVSKRU\ODWLRQ DQG DFWLYDWLRQ RI XELTXLWLQVSHFLILF SURWHDVH E\ $NW
UHJXODWHVWKHXELTXLWLQSURWHDVRPHV\VWHPeLife
 9HUPD5 et al.5ROHRI5SQPHWDOORSURWHDVHLQGHXELTXLWLQDWLRQDQGGHJUDGDWLRQE\WKH
6SURWHDVRPHScience
 <DR7	&RKHQ5($FU\SWLFSURWHDVHFRXSOHVGHXELTXLWLQDWLRQDQGGHJUDGDWLRQE\
WKHSURWHDVRPHNature
 .LP: et al.6\VWHPDWLFDQGTXDQWLWDWLYHDVVHVVPHQWRIWKHXELTXLWLQPRGLILHGSURWHRPH
Molecular cell
 .UDYWVRYD,YDQWVLY<&RKHQ 6	&LHFKDQRYHU$0RGLILFDWLRQ E\ VLQJOH XELTXLWLQ
PRLHWLHVUDWKHUWKDQSRO\XELTXLWLQDWLRQLVVXIILFLHQWIRUSURWHDVRPDOSURFHVVLQJRIWKHS
1)NDSSD% SUHFXUVRU Advances in experimental medicine and biology  

 +DJOXQG. et al.0XOWLSOHPRQRXELTXLWLQDWLRQRI57.VLVVXIILFLHQWIRUWKHLUHQGRF\WRVLV
DQGGHJUDGDWLRQNat Cell Biol
 3DWKDUH*5 et al.&U\VWDOVWUXFWXUHRIWKHSURWHDVRPDOGHXELTXLW\ODWLRQPRGXOH5SQ
5SQProc Natl Acad Sci U S A
ͳ͹

 :RUGHQ ( - 3DGRYDQL &	0DUWLQ$ 6WUXFWXUH RI WKH5SQ5SQ GLPHU UHYHDOV
PHFKDQLVPVRIVXEVWUDWHGHXELTXLWLQDWLRQGXULQJSURWHDVRPDOGHJUDGDWLRQNat Struct Mol 
Biol
 &R[ & - et al. 7KH UHJLRQV RI VHFXULQ DQG F\FOLQ % SURWHLQV UHFRJQL]HG E\ WKH
XELTXLWLQDWLRQPDFKLQHU\DUHQDWLYHO\XQIROGHGFEBS Lett
ͳͺ

0HWKRGV

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1RYDJHQWDJVFOHDYHG863ZLOGW\SHDQG6(
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*(+HDOWKFDUH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IROORZHGE\JHOILOWUDWLRQZLWK+L/RDG6XSHUGH[3*FROXPQ*(+HDOWKFDUHXVLQJ
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*(+HDOWKFDUH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)
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$E7KHUPR6FLHQWLILFDQWL7+531RYDJHQDQWL&GF$)
FXVWRPPDGH DQWL8E 3' 6DQWD&UX] DQG'DNR DQWLVHFXULQ 0%/ ,QWHUQDWLRQDO DQWL
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FXVWRPPDGH DQWL8EF+ 0LOOLSRUH DQWL6 0&3 FXVWRPPDGH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5	' V\VWHPV DQG /LIH 6HQVRUV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FXVWRPV\QWKHVL]HG R
SKHQDQWKUROLQHR3$6LJPD$73J66DQWD&UX]36$SH[%LR0*5	'6\VWHPV
863DJLIWIURP<<H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3URWHDVRPHSXULILFDWLRQDQG$73GHSOHWLRQ
+XPDQDQG\HDVWSURWHDVRPHVZHUHDIILQLW\SXULILHGDVSUHYLRXVO\GHVFULEHG)RUQDWLYHKXPDQ
SURWHDVRPHV+(.7FHOOVVWDEO\H[SUHVVLQJHSLWRSHWDJJHG531DJHQHURXVJLIWIURP/
+XDQJ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P01D+32 >S+@ P0
1D&OJO\FHUROP00J&O13P0$73DQGP0'77FRQWDLQLQJSURWHDVH
LQKLELWRUV7KHFOHDUHGO\VDWHVZHUHLQFXEDWHGZLWK1HXWU$YLGLQUHVLQ7KHUPR6FLHQWLILFIRUDW
OHDVWKUDW&7KHEHDGVZHUHH[WHQVLYHO\ZDVKHGZLWKEXIIHU$WRUHPRYHHQGRJHQRXV863
DVVRFLDWHGZLWKWKHSURWHDVRPHIROORZHGE\EXIIHU%P07ULV+&O>S+@P00J&O
P0$73DQGJO\FHUROWKHQHTXLOLEUDWHGLQFOHDYDJHEXIIHU&P07ULV+&O>S+@
P00J&O DQGP0$73+XPDQSURWHDVRPHVZHUH HOXWHG IURP WKHEHDGVE\ FOHDYDJH
XVLQJ7(9SURWHDVH/LIH7HFKQRORJLHVIRUKUDW&)RU\HDVWSURWHDVRPHVHDFKVWUDLQZDV
FXOWXUHGWRDQ2'RIDERXWDQGO\VHGLQEXIIHU'P07ULV+&O>S+@P0('7$
P00J&O DQG P0$73 FRQWDLQLQJ SURWHDVH LQKLELWRUV E\ D )UHQFK SUHVV GHYLFH 7KH
FOHDUHG O\VDWHV ZHUH LQFXEDWHG ZLWK UDEELW ,J* UHVLQ 03%LRPHGLFDOV IRU  KU DW & 7KH
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P07ULV+&O>S+@
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17$UHVLQ
ʹͲ


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
8ELTXLWLQFRQMXJDWHSUHSDUDWLRQDQGSXULILFDWLRQ
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P0LPLGD]ROHDQGPJPO%6$3RO\XELTXLWLQDWHG1&%ZDVHOXWHGILUVWLQEXIIHU.P0
7ULV+&O >S+@ P01D&O DQG P0 LPLGD]ROH DQG FRPELQHGZLWK WKH QH[W WZR
ZDVKHVRIWKHEHDGVZLWKEXIIHU.ODFNLQJ1D&ODQGLPLGD]ROHWRUHGXFHWKHFRQFHQWUDWLRQRIVDOW
7KHHOXWHGFRQMXJDWHZDVQRW IXUWKHUVXEMHFWHG WRGHVDOWLQJEXIIHUH[FKDQJHRUXOWUDILOWUDWLRQ
VLQFHDOOWKHVHVWHSVUHVXOWHGLQDVLJQLILFDQWORVVRI\LHOGDQGDOVRDJJUHJDWLRQ
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<HDVWSURWHDVRPHVZLWKLQWDFWXELTXLWLQUHFHSWRUVZHUHSXULILHGIURPVWUDLQ6<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MATDrpn11-
TEV-ProA::HIS3 ubp6::URA3 ZKLFK GHULYHG IURP 6'/ MATDRPN11-TEV-ProA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MATDubp6::URA3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In vitroGHJUDGDWLRQDQGGHXELTXLWLQDWLRQDVVD\V 
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3XULILHGKXPDQSURWHDVRPHVWRQ0RU\HDVWSURWHDVRPHV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SRO\XELTXLWLQDWHG1&%aQ0RUIXOOOHQJWKF\FOLQ%aQ0LQEXIIHU*VXSSOHPHQWHG
ZLWKP0$73DWURRPWHPSHUDWXUH:KHUHLQGLFDWHGSXULILHGUHFRPELQDQW863RU8ESZDV
SUHLQFXEDWHGZLWKSURWHDVRPHIRUDWOHDVWPLQEHIRUHLQLWLDWLQJWKHUHDFWLRQ7KHUHDFWLRQZDV
WHUPLQDWHGE\DGGLQJ[6'63$*(VDPSOHEXIIHUDQGKHDWLQJIRUPLQDW&6DPSOHVZHUH
VXEVHTXHQWO\VXEMHFWHGWR6'6±3$*(LPPXQREORWDQDO\VLV&RQMXJDWHVZHUHWUHDWHGZLWKSDQ
VSHFLILFXELTXLWLQLVRSHSWLGDVH8630IRUPLQ$VVD\VZLWKSRO\XELTXLWLQDWHG6LF3<
aQ0RUVHFXULQaQ0ZHUHSHUIRUPHGVLPLODUO\

)RU863GHXELTXLWLQDWLRQDVVD\VXQFRXSOHGWRGHJUDGDWLRQ$'3SURWHDVRPHWRQ0ZDV
XVHGIRUDVVD\VLQEXIIHU*VXSSOHPHQWHGZLWKWRP0µ$73IUHH¶$'37RUHPRYHWKHUHVLGXDO
$73FRQWDPLQDWLRQFRPPHUFLDO$'3&DOELRFKHPZDVILUVWGLVVROYHGLQZDWHUDWWR0DW
S+DQGWKHQWUHDWHGZLWKKH[RNLQDVHDQGJOXFRVHLQWKHUHDFWLRQEXIIHUDVGHVFULEHGDERYH
7KHILQDO$'3FRQFHQWUDWLRQLQVROXWLRQZDVDGMXVWHGWR WR0S+'HJUDGDWLRQ
VXSSUHVVHGGHFRQMXJDWLRQDVVD\VZHUHDOVRDOWHUQDWLYHO\SHUIRUPHGZLWK$73SURWHDVRPHLQWKH
DVVD\EXIIHU*VXSSOHPHQWHGZLWKWRP0$'3P0R3$P0$73J6036
DQG00*ZLWKHTXLYDOHQWUHVXOWV

7RSHUIRUPGHXELTXLWLQDWLRQDVVD\VZLWKSUHIRUPHGXQDQFKRUHGFKDLQVKXPDQSURWHDVRPHVWR
Q0ZHUHLQFXEDWHGDW&ZLWKIUHHFKDLQVWRQ0LQWKHSUHVHQFHRUDEVHQFHRI
UHFRPELQDQW863DWIROGH[FHVVRYHUSURWHDVRPHLQEXIIHU*VXSSOHPHQWHGZLWKP0
$73$VDFRQWUROFKDLQVZHUHWUHDWHGZLWK8630IRUPLQ
ʹ͵


7DQGHPPDVVWDJJLQJPDVVVSHFWURPHWU\IRU8EOLQNDJHDQDO\VLV
7RTXDQWLI\XELTXLWLQFRQMXJDWHFOHDYDJHE\863SXULILHGPXOWLFKDLQ1&%FRQMXJDWHV8EQ
1&%RUPXOWL.8E1&%ZHUHVXEMHFWHGWR in vitroGHXELTXLWLQDWLRQDVVD\VDVGHVFULEHG
DERYH'HXELTXLWLQDWLRQ UHDFWLRQVZLWK$'3SURWHDVRPH LQ WKHSUHVHQFHRU DEVHQFHRI863
ZHUHSHUIRUPHG LQGXSOLFDWHDQGTXHQFKHGE\DGGLQJ WKH LQKLELWRUPL[WXUHRI863 LQKLELWRU
UHODWHGWR,80R3$P0$73J6P0360DQG0*0
$V D SDQVSHFLILF GHXELTXLWLQDWLRQ FRQWURO863  0ZDV DOVR LQFXEDWHGZLWK SXULILHG
FRQMXJDWHV IRUPLQ LQGXSOLFDWH(DFKTXHQFKHGUHDFWLRQZDVVXEMHFWHG WRRYHUQLJKW WU\SVLQ
GLJHVWLRQDW&3HSWLGHVREWDLQHGZHUHGHVDOWHGDQGODEHOHGZLWK707SOH[LVREDULFUHDJHQWV
7KHUPR 6FLHQWLILF IROORZLQJ WKHPDQXIDFWXUHU¶V SURWRFRO )LQDOO\ DOO  VDPSOHV FRQWDLQLQJ
707ODEHOHGSHSWLGHVZHUHFRPELQHGDQGGHVDOWHGEHIRUH/&06DQDO\VLV7KHSHSWLGHPL[WXUH
ZDV IUDFWLRQDWHG XVLQJ D VROLGSKDVH & FROXPQ HTXLSSHG LQ DQ $FFHOD  OLTXLG
FKURPDWRJUDSK\ /& SXPS FRXSOHG WR D 4([DFWLYH 2UELWUDS PDVV VSHFWURPHWHU 7KHUPR
6FLHQWLILF7RGHWHFWDQGTXDQWLI\DOOSRVVLEOHOLQNDJHVSHFLILFXELTXLWLQSHSWLGHVZHGHVLJQHGD
707350PHWKRGFRQVLVWLQJLQRQHIXOO06VFDQDFTXLUHGLQWKH2UELWUDSNUHVROXWLRQDQG
DXWRPDWLFJDLQFRQWURO>$*&@RI[IROORZHGE\W06FRYHULQJDOOGHWHFWDEOHOLQNDJH
VSHFLILF XELTXLWLQ SHSWLGHV IRU HDFK GDWD FROOHFWLRQ F\FOH )UDJPHQW LRQV JHQHUDWHG E\ +&'
QRUPDOL]HGFROOLVLRQHQHUJ\ZDVVHWWRZHUHDFTXLUHGLQWKH2UELWUDSNUHVROXWLRQ$*&
RI[PVRIPD[LPXPLQMHFWLRQWLPHDQGP]LVRODWLRQZLQGRZ5$:ILOHVREWDLQHG
ZHUHSURFHVVHGXVLQJDQLQKRXVHVRIWZDUHSLSHOLQHEDVHGRQ6HTXHVW6LJQDOWRQRLVHUDWLRRI
WKHUHSRUWHULRQVZDVXVHGWRFDOFXODWHWKHDEXQGDQFHRIHDFKOLQNDJHDFURVVDOOVDPSOHV

ʹͶ

6LQJOHPROHFXOHGHXELTXLWLQDWLRQDVVD\V
&RYHUVOLS SDVVLYDWLRQ IOXRUHVFHQWO\ ODEHOHG XELTXLWLQVHFXULQ FRQMXJDWHV 7,5) PLFURVFRSH
FRQILJXUDWLRQDQGLPDJHDQDO\VLVZHUHDVSUHYLRXVO\GHVFULEHG)RUVLQJOHPROHFXOHDVVD\V
Q0863IUHHKXPDQSURWHDVRPHZDV LQFXEDWHGZLWKQ0ELRWLQ\ODWHGDQWL6 0&3
DQWLERG\IRUPLQLQEXIIHU/P07ULV+&O>S+@P00J&OP0$73P0
LPLGD]ROHDQGPJPO%6$$IWHULPPRELOL]LQJDQWLERG\ERXQGSURWHDVRPHRQVWUHSWDYLGLQ
IXQFWLRQDOL]HG FRYHUVOLS XQERXQGSURWHDVRPHZDVZDVKHG RII DQG VHFXULQ XELTXLWLQDWHGZLWK
G\OLJKWODEHOHGXELTXLWLQZDVDGGHGDWDILQDOFRQFHQWUDWLRQRIaQ0)RUVWXG\LQJ863
PHGLDWHG GHXELTXLWLQDWLRQ KH[RNLQDVHWUHDWHG $'3 ZDV XVHG WRJHWKHU ZLWK  P0 R3$
'HXELTXLWLQDWLRQNLQHWLFVZDVPRQLWRUHGXQGHUD7,5)PLFURVFRSH7L1LNRQDWIUDPHVVHFIRU
PLQ

4XHQFKIORZDQDO\VLV
7R UHVROYH UDSLG VLQJOHHQFRXQWHU HYHQWV IRU 863FDWDO\]HG GHXELTXLWLQDWLRQ PLOOLVHFRQG
UHDFWLRQVZHUHSHUIRUPHGRQDTXHQFKIORZGHYLFH.LQWHN54)7KHTXHQFKIORZPDFKLQH
ZDVILUVWFDOLEUDWHGZLWKNQRZQDPRXQWRI%6$RYDOEXPLQDQG8EF+WRDFKLHYHPD[LPXP
UHFRYHU\RIVDPSOHVDFFRUGLQJWRWKHPDQXIDFWXUHU¶VLQVWUXFWLRQV*HQHUDOO\WKHUHFRYHU\UDQJHG
EHWZHHQWRRIWKHLQSXWDQGZDVUHODWLYHO\HYHQDPRQJWKHUHDFWLRQORRSVPLOOLVHFRQGV
WRPLQXWHV)RUWKHVHUHDFWLRQVKXPDQSURWHDVRPHVZHUHSXULILHGRQDODUJHVFDOHDVGHVFULEHG
DERYHDQGFRQFHQWUDWHGWR0RUKLJKHULQEXIIHU0P07ULV+&O>S+@P00J&O
P0$73DQGJO\FHURO5HFRPELQDQW863ZDVSXULILHGDQGFRQFHQWUDWHGWR0RU
KLJKHULQEXIIHU1P07ULV+&O>S+@P01D&OP0'77DQGJO\FHURO%HIRUH
WKH TXHQFKIORZ UHDFWLRQ SURWHDVRPHV ZHUH SUHLQFXEDWHGZLWK 863 DQG WKH VROXWLRQZDV
ʹͷ

DGMXVWHGWRP07ULV+&O>S+@P01D&OP00J&OP0$73P0'77
DQGJO\FHURO)RUWKHSURWHDVRPHRQO\FRQWUROLHQR863RQO\WKHEXIIHU1ZDVDGGHG
DVDPRFN WRDFKLHYH WKHVDPHILQDOFRPSRVLWLRQRIEXIIHU LQJUHGLHQWVDVDERYH8ELTXLWLQDWHG
1&%ZDVJHQHUDWHGRQDODUJHVFDOHDQGEHIRUHWKHUHDFWLRQDGMXVWHGWRDERXW0LQEXIIHU
2 P07ULV+&O >S+@ P0.&O P0$73 DQG P00J&O 7R HQKDQFH WKH
UHFRYHU\SUHYHQWDJJUHJDWLRQDQGUHGXFHQRQVSHFLILFELQGLQJWRWKHWXELQJPJPORI%6$DQG
 RI 13 HDFK ILQDO FRQFHQWUDWLRQ DIWHU PL[LQJ ZLWK HQ]\PHV ZHUH DGGHG WR WKH
FRQMXJDWHVROXWLRQ8ELTXLWLQDWHGIXOOOHQJWKF\FOLQ%ZDVHVVHQWLDOO\SUHSDUHGDVDERYHH[FHSW
DGMXVWLQJWKHVXEVWUDWHDWa0

0LOOLVHFRQGVLQJOHHQFRXQWHUUHDFWLRQVZHUHFDUULHGRXWIURPPLOOLVHFRQGVWRPLQXWHVE\PL[LQJ
WKHWZRUHDFWDQWVLQWKHFRUUHVSRQGLQJUHDFWLRQORRSVDQGWKHQTXHQFKHGLQWKHGHYLFHZLWK[
TXHQFKVROXWLRQ3P07ULV+&O>S+@6'6DQGJO\FHUROZLWKIUHVKO\DGGHG
P0'77$ VPDOO DPRXQW RI 6'63$*( ORDGLQJ G\HZDV WKHQ DGGHG WR HDFK FROOHFWHG
VDPSOH)RUWKHVHFVDPSOHHQ]\PHVRUXELTXLWLQFRQMXJDWHVDORQHZHUHVHSDUDWHO\TXHQFKHG
LQVLGHWKHPDFKLQHZLWKHDFKFRUUHVSRQGLQJPRFNEXIIHUE\XWLOL]LQJUHDFWLRQORRSDWPVHF
7KHUHDFWLRQVZHUHUHVROYHGLQ6'63$*(LPPXQREORWWLQJ

)RU TXDQWLILFDWLRQ WKH WRWDO XELTXLWLQ FRQMXJDWH RU HDFK FRQMXJDWH VSHFLHV ZDV DQDO\VHG E\
$PHUVKDP5*%V\VWHP*(+HDOWKFDUHRU2G\VVH\&/[,QIUDUHG,PDJLQJ6\VWHP/,&25
%LRVFLHQFHV7KHFRQMXJDWHVLJQDOZDVQRUPDOL]HGE\8EF+IRUHDFKWLPHSRLQWWRFRUUHFWIRU
UHFRYHU\DQG WKHQ IXUWKHUQRUPDOL]HG WR WKH WLPHFRQWURO)RU8EQ1&%SURWHDVRPHDORQH
VKRZHGVRPHQRQVSHFLILFVLJQDOVGHWHFWHGE\+$DQWLERG\7KLVQXPEHUZDVVXEWUDFWHGEHIRUH
ʹ͸

QRUPDOL]DWLRQ7KHGDWDZHUHFXUYHILWWHGE\QRQOLQHDUUHJUHVVLRQZLWKWKHEHVWILWPRGHOXVLQJ
*UDSK3DG3ULVP*UDSK3DG6RIWZDUH

 .UXGH7-DFNPDQ03LQHV-	/DVNH\5$&\FOLQ&GNGHSHQGHQWLQLWLDWLRQRI'1$
UHSOLFDWLRQLQDKXPDQFHOOIUHHV\VWHPCell
 +XWWOLQ ( / et al. $ WLVVXHVSHFLILF DWODV RI PRXVH SURWHLQ SKRVSKRU\ODWLRQ DQG
H[SUHVVLRQCell
 3DXOR - $ *DXQ $ 	 *\JL 6 3 *OREDO $QDO\VLV RI 3URWHLQ ([SUHVVLRQ DQG
3KRVSKRU\ODWLRQ/HYHOVLQ1LFRWLQH7UHDWHG3DQFUHDWLF6WHOODWH&HOOVJournal of proteome 
research
ʹ͹

([WHQGHG'DWD)LJXUH/HJHQGV

([WHQGHG'DWD)LJXUH 863 DQG8ES DUH KLJKO\ VSHFLILF IRUPXOWLFKDLQ XELTXLWLQ
SURWHLQ FRQMXJDWHV In vitro GHJUDGDWLRQ DQG GHFRQMXJDWLRQ DVVD\V ZLWK SRO\XELTXLWLQDWHG
FRQMXJDWHVDEIn vitroGHXELTXLWLQDWLRQDVVD\VZLWK8EQ1&%RU8EQ.1&%JHQHUDWHGE\
8EF LQ SDUDOOHO (DFK FRQMXJDWH VDPSOH a Q0 ZDV LQFXEDWHG ZLWK  Q0 RI KXPDQ
SURWHDVRPHLQWKHSUHVHQFHRUDEVHQFHRI863Q0F7KLVH[SHULPHQWWHVWVZKHWKHUWKH
IDLOXUHRI863WRGHXELTXLWLQDWHDVLQJOHFKDLQFRQMXJDWHIRUPHGXVLQJ.RQO\1&%)LJV
GDQGILVSUHGLFWLYHRIWKHEHKDYLRURI863RQRWKHUVLQJOHFKDLQFRQMXJDWHV&RQMXJDWHV
aQ0ZHUHLQFXEDWHGZLWKKXPDQSURWHDVRPHQ0LQWKHSUHVHQFHRUDEVHQFHRI863
Q0GHIn vitroGHJUDGDWLRQDQGGHXELTXLWLQDWLRQDVVD\VZLWKSRO\XELTXLWLQDWHG6LF3<RU
SRO\XELTXLWLQDWHG.RQO\ 6LF3< .6LF3<G 8EQ6LF3< a Q0ZDV LQFXEDWHGZLWK
KXPDQ SURWHDVRPH  Q0 LQ WKH SUHVHQFH RU DEVHQFH RI 863  Q0 H $VVD\V ZHUH
SHUIRUPHGVLPLODUO\DVLQGH[FHSWXVLQJDVLQJOHO\VLQHYDULDQWRI6LF.6LF3<PRGLILHGZLWK
ZLOGW\SH8E ,8 0 ZDV XVHG WR LQKLELW863 GHXELTXLWLQDWLQJ DFWLYLW\ I In vitro
GHJUDGDWLRQDQGGHFRQMXJDWLRQDVVD\VZLWKSRO\XELTXLWLQDWHGVHFXULQ+XPDQSURWHDVRPHQ0
ZDVLQFXEDWHGZLWK8EQVHFXULQaQ0JHQHUDWHGE\8EF+DQG$3&&:KHUHLQGLFDWHG
863 Q0ZDVDGGHGJ$VVD\VZLWKKXPDQSURWHDVRPH863 DQGSRO\XELTXLWLQDWHG
1&%RU.1&%FRQMXJDWHVZHUHFDUULHGRXWDVLQ)LJEDQGGDQGFRPSDUHGVLGHE\VLGH
LQRQHJHO7KHVHGDWDVHUYHDVDFRQWUROIRU([WHQGHG'DWD)LJDDOORZLQJ8ESDQG863
WR EH FRPSDUHG GLUHFWO\ 6DPSOHVZHUH UHVROYHG E\ 6'6±3$*( DQG LPPXQREORWWHG XVLQJ DQ
DQWLERG\WRWKH+$DFJRU7GHHSLWRSHVDQGVHFXULQI

ʹͺ

([WHQGHG 'DWD )LJXUH  3UHSDUDWLRQ RI $73GHSOHWHG SURWHDVRPH IRU XQFRXSOLQJ
GHJUDGDWLRQIURPGHXELTXLWLQDWLRQD)RU$73GHSOHWLRQSXULILHGKXPDQSURWHDVRPHVZHUH
WUHDWHG ZLWK KH[RNLQDVH RU PRFNWUHDWHG ZLWK YHKLFOH IRU KH[RNLQDVH LH ZDWHU 1DWLYH JHO
DQDO\VLVRIXQWUHDWHGSURWHDVRPH$733WVPRUKH[RNLQDVHWUHDWHG$'3SURWHDVRPH$'33WVP
ZLWKVXF//9<$0&DQG&RRPDVVLH%ULOOLDQW%OXH&%%VWDLQLQJ(DFKODQHZDVORDGHGZLWK
PJRISURWHLQ1RWHWKDWWKHUHZDVHVVHQWLDOO\QRFKDQJHLQSURWHDVRPHLQWHJULW\XSRQKH[RNLQDVH
WUHDWPHQWEIn vitro8EQ1&%GHJUDGDWLRQDVVD\VZLWK$733WVPRU$'33WVPQ0HDFK
$VVD\VZHUHSHUIRUPHGDQGDQDO\VHGDVLQ)LJERUH

([WHQGHG'DWD)LJXUH7KHVXEVWUDWHVSHFLILFLW\RI863LVHYROXWLRQDULO\FRQVHUYHG
In vitro GHJUDGDWLRQ DQG GHFRQMXJDWLRQ DVVD\V E\ \HDVW SURWHDVRPH DQG 8ES ZLWK 1&%
FRQMXJDWHD3XULILHGubp6' \HDVWSURWHDVRPHQ0ZDVLQFXEDWHGZLWK8EQ1&%RU8EQ
.1&%aQ0LQWKHSUHVHQFHRUDEVHQFHRI8ESQ0E$VVD\VDVLQDH[FHSW\HDVW
SURWHDVRPH ZDV SUHLQFXEDWHG ZLWK $'3 DQG RWKHU LQKLELWRUV RI WKH SURWHDVRPH $73J6 R
SKHQDQWKUROLQH36DQG0*WRVXSSUHVVWKHGHJUDGDWLRQ

([WHQGHG'DWD)LJXUH863GHXELTXLWLQDWHVVLQJOHWRQFKDLQVSRRUO\UHJDUGOHVVRIOHQJWK
RUOLQNDJHW\SHIn vitroGHXELTXLWLQDWLRQDVVD\VDUHVKRZQDE$'33WVPQ0ZDVLQFXEDWHG
ZLWK.OLQNHGRFWD8EFRQMXJDWHVRI.RQO\1&%aQ0LQWKHSUHVHQFHRUDEVHQFHRI
863Q0F6LQJOHFKDLQFRQMXJDWHVZHUHJHQHUDWHGZLWK8EH68EF+$3&DQG.
RQO\8EWRDFKLHYHDKRPRJHQHRXVO\.OLQNHGVLQJOHWRQVSHFLHV$VVD\VZHUHGRQHDVLQ)LJ
IGH8EF+$3&PHGLDWHGFRQMXJDWLRQUHDFWLRQVZHUHSHUIRUPHGRQWKH.RQO\VXEVWUDWH
ʹͻ

.1&%XVLQJ.RQO\8EGRU.RQO\8EH7KHFRQMXJDWLRQUHDFWLRQIRUPHGUDWKHUVKRUW
FKDLQVFRQWDLQLQJQRPRUHWKDQWKUHHXELTXLWLQJURXSVIn vitroGHJUDGDWLRQDQGGHXELTXLWLQDWLRQ
DVVD\VZHUHSHUIRUPHGDVGHVFULEHGDERYH$OOSDQHOVVKRZVDPSOHVUHVROYHGE\6'6±3$*(DQG
LPPXQREORWWHGZLWK+$DQWLERG\DFHRU8EDQWLERG\E

([WHQGHG'DWD)LJXUH)UHHFKDLQVin transGRQRWVWLPXODWH863DFWLYLW\IRUVLQJOHWRQ
FRQMXJDWHVIn vitroGHXELTXLWLQDWLRQDVVD\VZLWKVLQJOHFKDLQFRQMXJDWHVLQWKHSUHVHQFHRIIUHH
FKDLQV$'33WVPQ0ZDVLQFXEDWHGZLWK8EQ.1&%aQ0LQWKHSUHVHQFHRUDEVHQFH
RI 863  Q0 DQG ZLWK .8E D .8E E RU IUHH XELTXLWLQ F DW WKH LQGLFDWHG
FRQFHQWUDWLRQV6DPSOHVZHUHDQDO\VHGE\6'63$*(DQGLPPXQREORWWHGZLWKDQDQWLERG\WRWKH
+$HSLWRSH

([WHQGHG 'DWD )LJXUH  $ SKRVSKRPLPHWLF PXWDQW RI 863 WKDW PLPLFV $.7
SKRVSKRU\ODWHG HQ]\PH GRHV QRW SURPRWH FOHDYDJH RI VLQJOHWRQ XELTXLWLQ FKDLQV D )UHH
863ZLOGW\SHQ0GRHVQRWFOHDYHPXOWLFKDLQF\FOLQ%FRQMXJDWHVaQ0E+LJK
FRQFHQWUDWLRQRIIUHH863GRHVQRWGHXELTXLWLQDWH8EQ1&%8630DFWLYLW\RQ8EQ
1&%a0LQWKHDEVHQFHRISURWHDVRPHZDVWHVWHGE\LQFXEDWLQJDWURRPWHPSHUDWXUHIRU
WLPHSHULRGVDVLQGLFDWHG1RWHWKDWWKHUHLVQRREYLRXVGHXELTXLWLQDWLRQRIWKHFRQMXJDWHE\IUHH
863DOWKRXJKKLJKOHYHOVRI863ZHUHWHVWHG!IROGRYHUWKDWRIDFWLYDWHGSURWHDVRPH
DVVRFLDWHG863LQRXUVWDQGDUGDVVD\7KLVH[SHULPHQWFRQILUPVWKDWGHXELTXLWLQDWLRQRI8EQ
1&%E\863RFFXUVRQDQGUHTXLUHVWKHSURWHDVRPHF)UHH8636(Q0GRHVQRW
FOHDYHVLQJOHFKDLQF\FOLQ%FRQMXJDWHVaQ0G3URWHDVRPHDVVRFLDWHG8636(
Q0SURWHDVRPHDQGQ0863GRHVQRWFOHDYHVLQJOHFKDLQF\FOLQ%FRQMXJDWHVaQ0
͵Ͳ

$VVD\LQFZDVSHUIRUPHGLQWKHSUHVHQFHRI$73XQGHUFRQGLWLRQVSHUPLVVLYHIRUGHJUDGDWLRQ
6DPSOHVZHUHUHVROYHGE\6'63$*(DQGLPPXQREORWWHGXVLQJDQDQWLERG\WRWKH+$HSLWRSH

([WHQGHG'DWD)LJXUH863GHXELTXLWLQDWHV IUHH FKDLQVSRRUO\ UHJDUGOHVVRI OLQNDJH
W\SHIn vitroGHXELTXLWLQDWLRQDVVD\VZLWKIUHHFKDLQVDG(DFKOLQNDJHVSHFLILFIUHHFKDLQ
Q0ZDVLQFXEDWHGZLWKKXPDQSURWHDVRPHQ0LQWKHSUHVHQFHRUDEVHQFHRI863
Q07KHVDPSOHZDVWUHDWHGZLWKSDQVSHFLILF8ELVRSHSWLGDVH863Q0IRUPLQDVD
SRVLWLYHFRQWUROVKRZLQJ WKDWFKDLQGLVDVVHPEO\ LV UHDGLO\GHWHFWHGHI.OLQNHG8E IUHH
FKDLQV  Q0 RU .OLQNHG RFWD8E IUHH FKDLQV  Q0 ZHUH LQFXEDWHG ZLWK KXPDQ
SURWHDVRPHVQ0IRUHDQGQ0IRUILQWKHSUHVHQFHRUDEVHQFHRI863IROGH[FHVV
RYHUSURWHDVRPH6DPSOHVZHUHUHVROYHGE\6'6±3$*(DQGLPPXQREORWWHGXVLQJDQDQWLERG\
WRXELTXLWLQ

([WHQGHG 'DWD )LJXUH  863 FOHDYHV XELTXLWLQ FKDLQV DW WKH SUR[LPDO VLWH In vitro
GHXELTXLWLQDWLRQDVVD\VZLWKPXOWLFKDLQFRQMXJDWHVD0XOWLFKDLQ.8EFRQMXJDWHVRQ1&%
ZHUH SUHSDUHG XVLQJ SUHIRUPHG .8E IUHH FKDLQV DV GHVFULEHG LQ 0HWKRGV $VVD\V ZHUH
SHUIRUPHG DV LQ )LJ D $UURZKHDG LQGLFDWHV DFFXPXODWHG .8E1&% DV PDMRU
GHXELTXLWLQDWHG VSHFLHV JHQHUDWHG E\ 863 FOHDYDJH $VWHULVNV LQGLFDWH SUHVXPSWLYH
GHFRQMXJDWHG .8E RU RWKHU PXOWLFKDLQ .8EQ1&% VSHFLHV RULJLQDWLQJ IURP RWKHU
.8EQ FRQWDPLQDQWV LQ WKH FRPPHUFLDO SUHSDUDWLRQRI.8EE8EQ1&%ZDVJHQHUDWHG
XVLQJ8EF+$3&&DQGZLOGW\SHXELTXLWLQDQGSXULILHGDVGHVFULEHGLQ0HWKRGV1RWHWKDW
WKLVFRQMXJDWHPD\EHHQULFKHGZLWKVKRUWPXOWLXELTXLWLQFKDLQVZLWKGLIIHUHQWOLQNDJHVEDVHGRQ
SUHYLRXVUHSRUWV'HXELTXLWLQDWLRQDVVD\VZHUHSHUIRUPHGDVLQ)LJF$UURZKHDGLQGLFDWHV
͵ͳ

GL8EFKDLQVDVPDMRUSURGXFWVRI863DFWLYLW\VXJJHVWLQJWKDW8EQ1&%LQWKLVVDPSOHZDV
ULFK LQ GLXELTXLWLQ FKDLQV 6DPSOHV ZHUH UHVROYHG E\ 6'6±3$*( DQG LPPXQREORWWHG ZLWK
DQWLERG\ DJDLQVW WKH +$ HSLWRSH D RU 8E E F 707 ODEHOOLQJ DQG TXDQWLWDWLYH PDVV
VSHFWURPHWU\3XULILHG8EQ1&%ZDVDVVD\HGLQGXSOLFDWHIRUHDFKFRQGLWLRQDQGDQDO\VHGE\
PDVVVSHFWURPHWU\DVLQ)LJG(UURUEDUVLQGLFDWHVWDQGDUGGHYLDWLRQV

([WHQGHG'DWD)LJXUH0RGHOLQJRIIUHHXELTXLWLQFKDLQFOHDYDJHE\SURWHDVRPHDFWLYDWHG
8ES RU 863 3RVVLEOH VWHULF FRQIOLFW EHWZHHQ WKH SUR[LPDO XELTXLWLQ DQG SURWHDVRPH
DVVRFLDWHG 8ES RU 863 ZDV DVVHVVHG E\ PROHFXODU PRGHOLQJ D $V LQ )LJ I H[FHSW
HPSOR\LQJ . RU .OLQNHG SUR[LPDO XELTXLWLQ E 3UR[LPDO XELTXLWLQ ZLWK HDFK GLIIHUHQW
OLQNDJHZDVILWWHGLQ863VWUXFWXUHZLWKPLQLPDOVWHULFKLQGUDQFHDQGWKHQGRFNHGRQWRWKH
SURWHDVRPH(0VWUXFWXUH6WUXFWXUHVZHUHREWDLQHGIURPWKH3'%GDWDEDVH8ESDQGSURWHDVRPH
$%863$<2.GL8E55DQGXELTXLWLQ8%41RWHWKDWIRU.DQG
OLQNDJHVPRGHOLQJRQWKHSURWHDVRPHZDVQRWDWWHPSWHGEHFDXVHRIH[WHQVLYHVWHULFRFFOXVLRQ
EHWZHHQSUR[LPDOXELTXLWLQDQG863

([WHQGHG'DWD)LJXUH6LQJOHPROHFXOHVWXGLHVRI531VKRZSDWWHUQVRIFKDLQUHPRYDO
VLPLODUWRWKRVHRI8637KHVHH[SHULPHQWVVHUYHDVFRQWUROVIRU)LJ6LQFH531LVNQRZQ
WRZRUNDVDSUR[LPDOXELTXLWLQVSHFLILF'8%LWVVLPLODULW\WR863LQWKHVHSDUWLFXODUFKDLQ
UHPRYDO DVVD\V VXSSRUWV WKH K\SRWKHVLV WKDW 863 LV D SUR[LPDOVSHFLILF GHXELTXLWLQDWLQJ
HQ]\PH60DVVD\VZHUHSHUIRUPHGDQGDQDO\VHGDVGHVFULEHG LQ)LJ DQGZHUHFDUULHGRXW
XVLQJWKHVDPHVDPSOHVRISURWHDVRPHVDQGXELTXLWLQDWHGVHFXULQ7KHGDWDVKRZQDUHH[DPSOHV
RIVWHSWUDFHVHJPHQWDWLRQJUDSKVIURPDQ60DQDO\VLVRISXULILHG'\OLJKWODEHOHG8EQVHFXULQ
͵ʹ

FRQMXJDWHV LQFXEDWHG ZLWK KXPDQ SURWHDVRPH ODFNLQJ 863 LQ WKH SUHVHQFH RI $73 7KHVH
GHXELTXLWLQDWLRQHYHQWVUHSUHVHQW531PHGLDWHGDFWLYLW\DVSUHYLRXVO\UHSRUWHG
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